Abstract To determine the effectiveness of weight loss intervention for breast cancer survivors. From October 2012 until March 2013, Pubmed was searched for weight loss intervention trials that reported body weight or weight loss as a primary outcome. Fifteen of these studies are included in this review. Of the 15 studies included, 14 resulted in statistically significant weight loss and 10 obtained clinically meaningful weight loss of ≥5 % from baseline. Evidence was provided of the feasibility of using several methods of weight loss intervention (telephone, in person, individual, group). Successful intervention used a comprehensive approach, with dietary, physical activity, and behavior modification components. Weight loss improved cardiovascular risk factors and markers of glucose homeostasis. However, there is insufficient evidence to identify the components of this intervention that led to successful weight loss, or to determine the weight loss necessary to affect biomarkers linked to breast cancer prognosis. The small number of randomized controlled trials shared several limitations, including small study sample sizes and lack of follow-up beyond 6 months. Intervention with longer follow-up revealed weight regain, showing the importance of considering strategies to promote long-term weight maintenance. Weight loss intervention for breast cancer survivors can lead to statistically significant and clinically meaningful weight loss, but the limited number of interventional studies, small sample sizes, and short duration of follow-up in many studies limit our ability to draw conclusions regarding the most efficacious weight-loss intervention after a breast cancer diagnosis. The findings to date are encouraging, but research on the effect of weight loss on breast cancer recurrence and mortality, and on prevention of weight gain for women newly diagnosed with breast cancer, is needed.
Introduction
Breast cancer is the most common female cancer after nonmelanoma skin cancer [1, 2] . As a result of early detection and more effective treatment, the number of breast cancer survivors is rapidly increasing [3] . Obesity at diagnosis is associated with greater risk of disease recurrence, and of breast cancer-specific and all-cause mortality [4•, 5-10] . Compared with women of normal weight, obese women have poorer survival, irrespective of hormone receptor type or menopausal status [11] . Some evidence also suggests that women who gain weight after breast cancer diagnosis are at increased risk of breast cancer recurrence, irrespective of baseline body mass index (BMI) [12•] . Weight gain is most common for women who undergo menopause as a result of cancer therapy, and is often accompanied by changes in body composition causing fat gain and muscle loss [13] . Being overweight or obese, or gaining weight and abdominal fat after diagnosis, is associated with co-morbidity, for example diabetes, osteoporosis, cardiovascular disease, and other cancers. Cardiovascular risk factors are of particular concern because of the cardio-toxic effects of many breast cancer treatments. Poorer surgical outcome and greater treatment intolerance have also been reported for obese than for normal-weight patients. Other negative effects associated with being overweight and with obesity include fatigue, functional decline, and reduced quality of life [14•, 15-19] .
Biological mechanisms through which obesity could lead to poor breast cancer outcomes include changes to hormones involved in glucose and energy metabolism (e.g. insulin, leptin, and adiponectin), cellular growth factors (insulin-like growth factors and their binding proteins), steroid hormone metabolism, inflammatory mediators, and DNA oxidative damage [8, 20, 21] . Lifestyle intervention which incorporates dietary modification and physical activity promotion has the potential to enhance survival and improve the quality of life after a breast cancer diagnosis, and is recommended as part of cancer care [14•] . However, although randomized controlled trials of weight loss by healthy overweight or obese adults have led to improvement of mechanisms associated with obesity and cancer [22] , application of intervention to populations of breast cancer survivors has been rare. There are limited studies addressing the potential of weight-loss intervention to improve breast cancer outcomes [23•] . Breast cancer survivors are motivated to seek strategies to improve their prognosis, and intervention leading to successful weight loss among this population has the potential to have a substantial effect on public health.
The objective of this systematic review is to examine research on behavioral weight loss intervention that specifically targets women who have been diagnosed with breast cancer.
Methods
Study inclusion criteria were:
1. the primary objective of the study was weight loss intervention with a focus on changing body weight (measured as change in weight, BMI, percentage (%) body fat, or percent overweight), and; 2. the study was conducted exclusively on women diagnosed with breast cancer.
All interventional study designs (randomized or quasiexperimental, controlled or pre-post test) and age groups (pre and post-menopausal) were included. Intervention included any combination of diet, physical activity, and/or behavioral components with a focus on weight loss. Intervention could be in-person, by telephone, via the internet, or via smart-phone application, and in a one-to-one or group setting.
The electronic database Pubmed was searched from October 27th, 2012, to March 13th, 2013. Pubmed MeSH search terms included: "weight loss" AND "breast neoplasms" OR "breast cancer" AND "survivor". References were imported into reference-management software and checked for duplicates. The first reviewer used inclusion and exclusion criteria to screen titles and abstracts. A second reviewer assessed the resulting reference list, and consensus was reached regarding articles for full-text review. Full reference checks were conducted for each full-text publication to assess other studies relevant to the research question.
Data extracted by the first reviewer included study design, intervention design (diet component, physical activity component, behavioral and/or cognitive component), duration, analysis strategy, participants and eligibility, exposure and outcome measures, retention, and changes to body weight, BMI, or fat percentage. Secondary outcomes were also extracted. Weight-loss targets were recorded, and success in meeting study weight-loss targets was calculated if the data were not presented.
Results
Literature Search (Table 1) Eighty-one references were identified in Pubmed, with eight studies duplicating results. Initial screening by title yielded 73 references potentially meeting the review criteria. Fifty- (20) ; & the study did not involve intervention (35) ; & the study was still in progress (1); or & the study reported duplicate findings (8) .
Study Results (Table 2) Fourteen studies met the inclusion criteria for the review. A further study was obtained by reference review, yielding the total of 15 studies included in this systematic review.
Study Design
Of the intervention reviewed, eight was in randomized controlled trials (n=23-239) [24] [25] [26] [27] [28] [29] [30] [31] . Four studies were singlecohort, experimental intervention studies [15, [31] [32] [33] , one was a controlled, non-randomized trial [34] , one study was a randomized, crossover trial [35] , and two studies were randomized, parallel intervention trials [36, 37] .
Intervention
Eleven studies used a multi-component intervention design, incorporating diet, physical activity, and behavior modification [15, 25-28, 31-34, 36, 37] . Five types of intervention combined personalized lifestyle telephone counseling with face-toface group-based education. Three studies based their intervention on those with previously established efficacy for other overweight and obese populations, including the diabetesprevention program (DPP) [15, 36] and the commercial Weight Watchers (WW) program [25] . Telephone plus inperson group counseling was used for education on diet, physical activity, and behavior modification in two studies [27, 28] . Group teleconferencing was used for similar multi-component intervention for remote, rural breast cancer survivors [32] .
Half the studies incorporated one-to-one, in-person multicomponent intervention, including group-based counseling [26, 31, 33] , and one-to-one counseling [34, 37] . Four studies provided dietary intervention without physical activity or behavior modification, by use of in-person dietary counseling [24, 29, 30, 35] .
Weight Loss Success
Fourteen studies reported statistically significant weight loss (loss of 3-12.5 % of baseline body weight). Four studies reported significant weight change after intervention [15, [31] [32] [33] , and eight studies achieved statistically significant weight loss in the intervention group compared with the control group [24-28, 34, 37, 38] . Two studies achieved substantially greater weight loss with one intervention than with a comparison intervention [35, 36] . One intervention, using a single dietary constituent for weight loss (green tea), had no significant effect on weight [30] . Ten studies achieved greater than 5 % weight loss, including two, three, four, and six-month weight loss phases [15, 24, 25, 27, 28, 32, 34, 35, 37, 38] . Five studies achieved less than 5 % weight loss [26, 30, 31, 33, 36] . Studies with follow-up and measurement of weight-loss maintenance after the weightloss phase revealed weight regain [15, 25, 26, 36] . However, when participants were analyzed on the basis of weight loss success, those who lost ≥5 % body weight during the intervention continued to lose weight for up to 18 months [28] .
Exposure and Outcome Measures
The primary outcome for most studies was weight loss or percentage change in body weight from baseline. Weight loss targets included: ≥5 % [28, 35] , 7 % [15, 36] , 10 % [25, 32] , 1-2 lbs/week [34, 37] , 10 kg from baseline [24] , or achieving a healthy body weight for height [38] , or were not specified [26, 27, 30, 31] . Mean baseline BMI was similar for studies in which participants achieved ≥5% weight loss (range 28-35 kg m −2 ) and those in which participants achieved <5 % weight loss (range 30-34 kg m −2 ) from baseline. Baseline characteristics and weight change are summarized in Table 3 . Four studies met their intervention targets for weight loss [25, 27, 28, 32] . Seven studies achieved ≥5 % weight loss in the intervention group. Weight loss success was associated with meeting attendance and intervention adherence [15, 25, 26] . Secondary outcomes included waist circumference (WC), BMI, waist and hip measurements, and percentage body fat. Beneficial changes to these variables in response to weight loss were reported in seven studies [15, 27, 28, 32, 35, 36, 38] , and particularly in studies in which participants lost >10 % of body weight [25] . Several studies reported statistically significant improvements in measures of blood lipid (total cholesterol, HDL-cholesterol, triglycerides) [27, 28, 34, 37, 38] , and two studies did not achieve significant improvements [15, 26] . In the Cancer Survival Through Lifestyle Change (CASTLE) study, reductions of triglyceride levels were significant for group-based intervention only versus telephone-based intervention [36] . A plant-based olive oil diet led to lower triglycerides and higher HDLcholesterol than a low-fat diet (p=0.001) [35] . The green tea intervention resulted in elevated HDL-cholesterol levels (p=0.003) [30] . Six studies measured biomarkers associated with breast cancer risk and prognosis (fasting glucose, glucose homeostasis (HOMA-IR), insulin-like growth factor-I Outcomes:
Weight loss target: 10 % from baseline % body fat (BIA); total cholesterol, LDL-cholesterol Greatest weight loss with a comprehensive approach (individualized counseling plus social support and group meetings).
Individualized telephone weight loss counseling with or without commercial Weight Watchers program versus control. Weekly dietitian counseling for 3 months, bi-weekly counseling months 3-6, monthly counseling 6-12 months.
Exposure measures:
Weight change:
Weight Watchers program
Calorie and fat intake (3-day food records)
Control
Weekly commercial weight watchers (WW) meetings.
+0.85 ± 6.0 kg Comprehensive group Behavioral −9.4 ± 8.6 kg (P < 0.05); achieved > statistically expected number of subjects losing 10 % body weight at 6 and 12 months (significantly higher % body fat at baseline). Weight loss not statistically significantly different from the Individualized group.
Behavioral approach using the LEARN program. Counseling based on Bandura's social cognitive theory. Counseled regarding body image, self-image and self-acceptance.
Calorie intakes of intervention groups reduced vs. baseline (no significant differences between groups). Mean fat intake increased in the control group, and decreased in the intervention groups at 12 months. 
2) Comprehensive cohort
Weight loss significantly correlated with attendance at WW meetings.
Individualized counseling plus WW.
Number of contacts made not significantly associated with amount of weight-loss.
3) Control:
>10 % weight at 12 months associated with significantly lower:
Received printed healthy eating materials.
Body weight (P < 0.05); BMI (P < 0.01); % body fat (P < 0.001); calorie intake (P < 0.05); dietary fat % (P < 0.05); triglycerides (P < 0.01), and increased leptin (P < 0.001).
Duration:
months
Analysis: Paired student's t-tests and ANOVA for significance between groups. Pearson
Product correlations for measurement of associations.
Flynn et al. 2010 [35] Design:
Study Population:
Primary Outcome:
Enrollment and retention:
Randomized, non-controlled crossover pilot intervention
Overweight breast cancer survivors % weight loss 63 % retention at 4 weeks.
Intervention:
Secondary Outcomes:
Outcomes:
Weight loss target: 5 % from baseline.
Study Sample: N=44
Weight, BMI, % body fat; % fat free mass; waist circumference; hip circumference; total cholesterol; triglycerides; HDLcholesterol; LDL-cholesterol; glucose;
insulin; C-reactive protein; serum carotenoids. % weight change significantly greater for NCI vs. PBOO and vice versa depending on diet consumed first. 2) Plant-based olive oil diet (PBOO, >3 tbsp olive oil/day, unlimited vegetables, 3 servings/day fruit, up to 6 oz/week poultry, up to 8 oz/week seafood).
Diet
PBOO: Significantly greater percentage weight loss (−4.6 ± 1.5 NCI, −6.5 ± 1.6 PBOO, P < 0.01).
Whole grains and legumes promoted on both diets.
Lower triglycerides (NCI 105 ± 46 mg dL , PBOO 68 ± 12 mg dL
No difference in change in fat-free mass.
3-day food records at weeks 4, 8, 12, and 24. Setting:
Exposure measures:
Participants recruited at physicians' offices and oncology treatment centers in Rhode Island, USA.
Dietary intake (3-day food record)
Eight-week weight loss phase with randomized diet; 6-month follow-up with self-selection of study diet.
Analysis:
Crossover trial analysis; (1) paired t tests comparing baseline to end point differences in outcomes between the two diet trials, (2) independent samples t test for a period effect of administered trial, Group-based counseling with individualized weight, nutrition, and physical activity targets. Weekly sessions for 10 weeks followed by monthly sessions for 10 months.
Setting:
Weight loss greater in women overweight at baseline: -1.63 ± 4.11 kg (P = 0.01 vs. normal weight) and women not receiving chemotherapy (+2.15 ± 2.83 kg, P = 0.0004).
Diet

Participants recruited from University of Toronto Centers
Dietary intake (24-hour weighed food records on 3 randomly selected days)
Physical activity increased significantly (63.5 ± 54.2 vs. 108.9 ± 58.7 min/week, P = 0.00005). Aerobic exercise predicted success (OR 1.73 for each additional 30 min of weekly exercise,
Education on Canada's food guide with guidance on meal planning. Individualized, written feedback.
Calorie intake not significantly changed. Fat intake decreased; carbohydrate and fiber intake significantly increased.
Physical Activity
Total mood disturbance significantly improved (P < 0.001), IES (P < 0.03), PAIS (P = 0.009) and EORTC QLQ C30 GHRQL (P < 0.0005).
Counseled to increase incidental activity, guidance on strength and flexibility exercises three times/week, plus moderate aerobic activity (70 % maximum heart rate). Weight loss:
High-vegetable, low-fat, calorie-restricted diet plan plus weight loss education taught through six 1-hour group sessions over 6 weeks using books, DVDs and discussion.
Physical activity (Kaiser physical activity survey); dietary intake (Spanish and English 110-item NHANES block questionnaire)
IA: −3.3 ± 3.5 % Physical Activity WCA: −1.8 ± 2.9 (P = 0.04).
30 minute exercise circuit 3 times/week (target 5 times/week); membership at Curves centers Six months: Mean difference between groups: −1.8 kg (P = 0.03).
1)
Immediate Cohort (IA): 6 months Curves weight loss program followed by 6 months observation
No differences in weight loss by ethnicity.
2)
Waitlist control cohort (WCA): 6 months observation followed by 6 months Curves weight loss program 12 months: weight regain in IA group, remained lower weight than baseline (P = 0.02).
Duration:
Higher adherence (Intervention Adherence Index) associated with more % weight loss.
6-month intervention; 12-month follow-up.
No changes in metabolic biomarkers. Fat loss >2 %: statistically significant decreases in insulin, glucose, and HOMA-IR.
Analysis:
Weight loss ≥5 %: statistically significant increase in IGF-BP-1 and decrease in glucose.
Intent to treat (ITT). Generalized estimating equations (GEE) model with repeated measures using weight and height as covariates to examine intervention effects on weight change over 6 months. In-person vs. telephone behavioral-based lifestyle weight loss program. Used the diabetes prevention program guidelines based on the stages of change theory and motivational interviewing.
Setting:
Significant within-group weight loss after 6-months for in-person (−3.3 kg ± 4.4, P = 0.002) and telephone groups (−4.0 kg ± 6.0, P = 0.01).
1)
In-person: 16 group-based weight loss education sessions
Recruitment from local cancer centers, physician referrals, and breast cancer survivor groups in Baton Rouge, LA, USA Telephone group:
Diet
Significant within-group change in BMI, waist circumference, and triglycerides
Counseling on calorie reduction.
In-person group:
Physical Activity
Significant within-group change in BMI and waist circumference in the in-person group.
Counseling to increase physical activity.
No differences in weight loss between groups. ; completed chemotherapy or radiation therapy at least 6 months before baseline Significant increases in vegetable intake (+1.6 servings/day, P < 0.05) and significant decreases in total fat intake (−23.6 g, P < 0.03); significant increases in median time spent in vigorous activity (from 0 min at baseline to 23.6 min at 6 months,
Two 60-minute exercise classes per week.
Significant improvement in social support.
Duration:
Setting:
months
Women recruited from breast cancer support organizations in Chicago, USA.
Analysis:
Per procedure analysis. Pre-post test analysis of change in outcome variables. Design:
Enrollment and retention: (IGF-I) and its binding proteins (IGF-BP1 and IGF-BP3), insulin, leptin, adiponectin, ghrelin, C-reactive protein, estrone, estradiol, and sex hormone-binding globulin (SHBG)). Improvements were obtained for measures of glucose metabolism, adipokines, and SHBG [26, 28, 32, 37] . Four studies assessed psychosocial quality of life (QOL), including use of symptom checklists, fatigue inventory, depression severity, and body image, revealing improvements in response to the intervention. Two types of multicomponent intervention that achieved QOL improvements also achieved ≥5 % weight loss and significant improvements in measures of physical activity [15, 32] . One study reported high baseline QOL, and improvements were not significant [31] . Despite <5 % weight loss, lifestyle intervention led to significant improvements in QOL measures for women undergoing treatment for breast cancer in one multi-component intervention [33] .
Dietary intake was measured by use of the 24-hour recall method [32] , the three-day diet record [15, 25, 35] , and the food frequency questionnaire (FFQ) [26, 31, 34] . Physical activity was measured by use of a questionnaire [26, 31, 32] , by maximum-graded treadmill testing [15] , recorded minutes per week of moderate-vigorous activity [33] , and seven-day physical activity recall (PAR) [27] . On the basis of the studies that reported dietary intake at baseline and follow-up, calorie intake was reduced by approximately 300-500 kcal/day in the intervention groups [25, 26, 30, 31, 37, 38] . Fruit and vegetable intake increased by 1-3.7 servings/day [31, 32] . Percentage of calorie intake from fat was substantially reduced in four studies [15, 31, 32, 38] . Physical activity was reported to increase substantially in five studies [15, 27, [31] [32] [33] .
Discussion
This review summarizes the evidence for effects of weight loss intervention for breast cancer survivors. Over half of women with a breast cancer diagnosis are overweight or obese [14•] , and adjuvant chemotherapy contributes to weight gain after diagnosis [4•, 39] . As well as increasing the risk of other chronic conditions, including type II diabetes and cardiovascular disease, being overweight or obese combined with progressive weight gain is associated with reduced breast-cancer-specific and overall survival [10] . These findings support the hypothesis that intervention to promote attainment of a healthy body weight or to delay progressive weight gain have the potential to affect prognosis, although little is currently known regarding the effect on breast cancer recurrence and mortality of intentional weight loss conducted in a randomized-controlled-trial setting.
Weight loss was proved feasible for populations of overweight or obese breast cancer survivors. More success was reported from use of multiple-component (diet, physical activity, and behavior modification) rather than single-component intervention. Weight loss was facilitated by both in-person and telephone counseling in either a one-to-one or group setting.
Most weight loss intervention achieved over 5 % weight loss from baseline. A 10 % weight loss target has been adopted in many weight loss trials [40] . However, weight loss of 5 % or more is believed clinically meaningful by the United States Preventive Services Taskforce [41] . Future studies will need to address gaps in the literature regarding the effect of intentional weight loss on breast cancer recurrence and mortality, to determine the most appropriate weight loss target of clinical benefit to women who have been treated for breast cancer.
Weight loss intervention attendance and completion are associated with improved weight loss outcomes [42] , and the results in this review support this conclusion. Overall, enrollment was similar (range 20-93 %) in studies that led to ≥5 % versus <5 % weight loss, and retention was also similar (in the range 61-97 %). These figures reflect both the difficulty of minimizing loss to follow-up in weight loss studies, which commonly report dropout as high as 80 % [42] , and the high motivation of breast cancer survivors to improve their health status. However, women who have been treated for breast cancer report poor compliance with exercise and dietary change, revealing the need for intervention that promotes compliance [43] .
The method of intervention varied between studies, including in-person counseling, telephone counseling, or both. A greater proportion of studies that resulted in ≥5 % weight loss used both methods. In-person counseling for weight loss has been regarded as the best method; however, telephone and internet-based intervention may improve reach and reduce costs of implementation, improving feasibility [44] . Evidence also supports the effectiveness for healthy populations of mobile or cell phone technology intervention that incorporates self-monitoring (diet, physical activity), feedback on performance, networks of social support, and design of the intervention for short-term weight loss [45] . Telephone-based lifestyle intervention also results in significant weight change for overweight and obese adults [46] .
Systematic comparisons of group-based and individualbased weight loss intervention have obtained mixed results as a result of intervention heterogeneity. However, a recent meta-analysis of RCTs of obesity treatment for healthy adults that included at least one group-based and one individual-based treatment group found that group-based intervention was more effective up to 12 months [47] . Group-based intervention is also more cost-effective; given the need for long-term follow-up to support weight loss maintenance, it may be a more feasible mode of delivery. The findings of this review support both strategies for promoting weight loss for breast cancer survivors.
Multi-component weight loss intervention (diet plus physical activity) has been shown to achieve significantly greater weight loss than single component intervention (diet or exercise only) [40, 48] . Current weight-management guidelines recommend comprehensive and high-intensity (12 to 26 sessions per year) multi-component intervention for weight loss in the general population [41] . All but three [30, 34, 36] of the types of intervention that led to clinically meaningful weight loss in this review combined counseling on diet, physical activity, and behavior modification. Most studies that resulted in ≥5 % weight loss achieved calorie intake reduction of approximately 300-500 kcal/day, and substantially increased physical activity from baseline. Two of the successful types of intervention modified weight loss programs and resources with previously established efficacy, including the diabetes prevention program (DPP) and Weight Watchers program [15, 25] . Intervention materials for the DPP have been adapted to ascertain effectiveness for different populations at community level [49] and offer an established model that could potentially be used in future clinical intervention for breast cancer survivors.
Intervention that targets health-behavior change, including changes to diet and physical activity, should be based on theories of behavior change. Theory-based intervention targets causal determinants of behavior change, provides the basis for evaluation of effectiveness [50] , and enables assessment of the predictors of attrition [42] . Two studies that resulted in >5 % weight loss based their intervention design on theoretical frameworks, including the transtheoretical stages of change model [15] and social cognitive theory [25] . Lifestyle intervention strengthened by theory will improve understanding of which components of intervention contribute to weight loss success for breast cancer survivors, which is unclear from this review.
Five studies did not achieve clinically meaningful weight loss of 5 %. Four of these used in-person counseling only [26, 30, 31, 33] and one used a combination of individual telephone and in-person group counseling [36] . Although not clinically meaningful, three did achieve statistically significant weight loss. Four studies used multi-component intervention, with two underpinned by theory. The study that did not result in statistically meaningful or clinically significant weight loss used diet intervention only [30] . Calorie prescription was comparable with that for studies that resulted in clinically meaningful weight loss.
Baseline characteristics of participants in studies resulting in <5 % weight loss differed from those in studies achieving at least 5 % weight loss. Half of the studies targeted African American or Hispanic women, and four enrolled both pre and post-menopausal women in comparison with the primarily non-Hispanic white, postmenopausal populations investigated in the studies achieving ≥5 % weight loss. African American women have been shown to lose less weight than other sub-groups receiving behavioral weight loss intervention [51] . Factors contributing to higher calorie intake and reduced physical activity in this population include the cultural influence of food, a lack of social support, socioeconomic status, and limited access to opportunities for physical activity and to healthy food. Personal weight loss targets may also differ with ethnicity and affect success [31] . One intervention was tested for women currently undergoing treatment for breast cancer [16] , and findings may not generalize to post-treatment breast cancer survivors.
It may be that prevention of weight gain during treatment is as important to breast cancer prognosis as weight loss after treatment. Few studies have addressed prevention of weight gain for women receiving adjuvant chemotherapy. A diet and physical activity feasibility study found reduced body weight (p=0.002) and percentage fat mass (p=0.01) for nine women undergoing treatment compared with a historic control [52] . These results were supported by the Survivor Training for Enhancing Total Health (STRENGTH) trial, which tested a calcium-rich diet plus exercise intervention versus calciumrich, high fruit and vegetable, low-fat diet plus exercise, compared with a calcium-rich diet control group, on ninety premenopausal women on adjuvant chemotherapy. Participants in the multi-component intervention gained substantially less percentage body fat compared with the other groups (p=0.047) [53] . Future studies must examine how to prevent weight gain by women newly diagnosed with breast cancer.
Limitations
The lack of randomization in a number of studies may have contributed to selection bias and an inability to account for known, unknown, and unmeasurable confounding factors [54] . Four studies lacked a control group, making it difficult to determine which interventional components contributed to weight loss success. Most study samples were small, with 14 to 239 participants. Eight studies enrolled fewer than 50 participants. Future well-powered studies will enable assessment of a broader set of biomarkers associated with risk of breast cancer recurrence and correlates of weight loss success.
All studies resulting in clinically meaningful weight loss enrolled primarily non-Hispanic white, post-menopausal women. This limits generalizability to ethnically diverse populations and ability to assess the effects of weight loss for pre versus post-menopausal women. Estrogen receptornegative tumors, which are more aggressive than estrogen receptor-positive tumors and are believed to be less responsive to changes in adiposity, are much more common in African American and Asian women [55] . Recent findings have found that the effects of obesity on breast cancer risk for pre versus post-menopausal women may also depend on breast cancer receptor status [56] , although a recent meta- RCT randomized controlled trial; BMI body mass index; IL-6 interleukin-6; hsCRP high-sensitivity C-reactive protein; HOMA homeostatic model assessment; QOL quality of life; DXA dual energy X-ray absorptiometry; HbA1c glycated hemoglobin; HDL high-density lipoprotein; LDL low-density lipoprotein; TAG triglyceride; BP blood pressure; ASA-24 automated self administered 24-hour recall; WEL weight efficacy lifestyle questionnaire; ER estrogen receptor; PR progesterone receptor; HER2neu human epidermal growth factor receptor 2; IGF insulin-like growth factor; IGFBP-3 insulin-like growth factor binding protein 3 analysis found increased cancer risk for both pre and postmenopausal obese women [10] . Whether menopausal status has an effect on weight loss success for women after treatment for breast cancer is unclear from this review. Whereas some studies reported calorie intake, adherence was primarily assessed by amount of weight lost. However, accurate nutrition assessment will be important in future studies with the objective of determining the most appropriate dietary prescription for weight loss success for breast cancer survivors. Dietary intake was measured by use of tools that rely on self-reporting. Under-reporting of calorie intake by people who are obese is a limitation of commonly used methods of nutrition assessment [57] . An unannounced multi-pass 24-hour recall with portion size estimation is less prone than other methods to under-reporting by obese populations [58] .
Ten studies included physical activity as a means of weight loss. The physical activity reported included many different types (aerobic training, circuit training, strength training), frequencies, and durations. The methods used (supervised, non-supervised, and lifestyle approaches to increase PA) also varied among studies. Because of the diverse procedures used in these studies, this review was unable to determine the optimum physical activity stimulus (type of exercise, duration, intensity, and volume) necessary to provide weight loss benefits to breast cancer survivors. To enable clinical recommendations, future studies should provide details of all intervention components including which type and how much physical activity participants perform. It is clear from the varied intervention and outcomes that additional research is needed to specify the exact physical activity associated with the most efficient weight loss for breast cancer survivors. This review was unable to determine the beneficial effects of physical activity, irrespective of weight loss, from the biomarkers that were assessed.
Future Directions
Appropriately powered randomized controlled intervention is needed to establish whether weight loss by overweight or obese women that have been treated for breast cancer affects breast cancer outcomes (recurrence and mortality), and to determine which components of intervention contribute to weight loss success. With the field of cancer survival gaining increasing attention, several clinical trials are in progress to test the efficacy and effectiveness of weight loss intervention for breast cancer survivors. As of March 2013, twelve studies in progress or pending publication were registered on ClinicalTrials.gov (Table 4) [59] . These studies may overcome some of the limitations noted in this review.
Conclusion
The results of this review suggest that statistically significant and clinically meaningful weight loss via diet, physical activity, and behavioral intervention is feasible for breast cancer survivors. Multimodal approaches (in-person, telephone, individual, and group counseling) can lead to successful outcomes. Intervention achieving greater success incorporated more than one component (diet, physical activity, and behavior modification). Community-based weight loss intervention, with established efficacy, is one means of wider implementation to involve the growing number of breast cancer survivors who may benefit from weight loss. Intervention that achieved clinically meaningful weight loss involved a greater proportion of non-Hispanic white, post-menopausal participants than that which did not. Future studies should investigate how these factors affect weight loss success. The limited number of well-powered randomized trials highlights the need for future studies to determine whether weight loss improves outcomes for breast cancer survivors, and which components of weight loss intervention are effective. Because weight gain is common after breast cancer diagnosis, studies on prevention of weight gain in the first year after diagnosis are also warranted.
